Objective: While DSM-IV Attention-deficit/hyperactivity disorder (ADHD) comorbid with antisocial behaviours identified by DSM-IV conduct disorder (CD) has been claimed as a 'distinct subtype', there is less information about the validity of a subtype based on the more prevalent comorbidity of oppositional defiant disorder (ODD). The present study investigated the associations of past ODD with past and recent psychopathology in adults with ADHD.
INTRODUCTION

Attention-Deficit/Hyperactivity Disorder (ADHD)
It has been estimated that ADHD, as defined by DSM-IV [1] affects between 3-7% of children [2] and that clinicallysignificant features can persist into adulthood in up to two thirds of subjects [3] . Also, ADHD is associated with several comorbid disorders, in particular (in children), oppositional defiant disorder (ODD), conduct disorder (CD), depressive and anxiety disorders, bipolar disorder (BPD) and developmental co-ordination disorder [4] [5] [6] [7] [8] .
Various gender-related differences have been reported, including higher ratings for hyperactivity/impulsivity and for comorbid antisocial behaviour in boys [9] [10] [11] .
ADHD Subtypes
As defined by DSM-IV, ADHD includes three 'types' based on variation in the features of the syndrome, i.e., 'predominantly inattentive', 'combined' and 'predominantly hyperactive-impulsive' [1] .
The validity of an ADHD subtype may involve various associations, e.g., with aetiology, with clinical course or with *Address correspondence to this author at the Department of Psychiatry, University of Cambridge, Box 189, Addenbrooke's Hospital, Cambridge CB20QQ, UK; Tel: 0044(0)1223 336965; Fax: 0044(0)1223 336968; E-mail: jhd1000@cam.ac.uk response to treatment. Further subtypes have been claimed to show aspects of validity, in particular, if there is comorbid antisocial behaviour [6, 7, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Moreover, the ICD-10 includes the category of 'hyperkinetic conduct disorder'. Various comorbid disorders or combinations of disorders have been used to define subtypes, i.e., comorbidity with ODD [23] , anxiety or ODD [24] , anxiety in the absence of comorbid antisocial behaviours, ODD and/or CD but no anxiety, anxiety and/or depression with ODD and/or CD [7, 19] and antisocial disorders in the patient's family [13] .
Comorbidity may occur by chance, while features of a comorbid disorder (e.g., antisocial behaviour) may be secondary to ADHD (or vice versa). Also, both syndromes may share some aetiological factors, while other specific aetiologies may underlie the comorbid presentation of both syndromes.
Prevalence and Associations of ODD and CD, when Comorbid with ADHD
DSM-IV syndromes involving antisocial behaviour which have been considered to be comorbid with ADHD beyond chance associations are ODD and CD in children and DSM-IV 'Cluster B' personality disorders (PDs) (in particular, antisocial PD) in adults [7] . Also, many studies have reported that CD predicts some adult psychiatric disorders, in particular antisocial PD [25] .
It has been claimed that between 45-85% of various samples of children with ADHD have comorbid ODD and/or CD, with ODD being the more prevalent if ODD is not considered to be excluded in the presence of CD [7] . Moreover, a recent review of clinic-referred adults with ADHD [26] found a history of ODD in 24-35% and of CD in 17-25%.
In a sample of 131 Swedish children with ADHD, 60% met criteria for ODD and only 7.6% had no features of ODD [27] . Also, in two studies in adults with ADHD [17, 28] , 43% and 46.3% respectively had a history of ODD. In the latter study, past ODD was not considered to be excluded by comorbid CD and the mean number of endorsed ODD criteria for all subjects was 3.59; the most frequently endorsed features were: 'defying', 'touchy or easily annoyed', 'arguing', 'losing temper' and being 'angry and resentful'. Also, in this study 25 .9% of the adults with ADHD had a history of CD; the most frequently-endorsed features were 'lying', 'theft', 'staying out at night' and 'damaging property'.
Several studies have examined associations between ODD and CD when comorbid with ADHD. In a large prospective population study in Dutch children, 4% of males and 2% of females had CD, 6% had ODD and 5% had ADHD [29] . Moreover, the development of CD was predicted by ODD. In an analysis of cross-sectional data from a UK national sample of children (N=10,348) [30] , it was noted that DSM-IV does not allow a diagnosis of ODD if CD is present, which has added to uncertainty about the prevalence of these syndromes. It was found that, in the absence of this constraint, ODD persisted at a similar level from early childhood to, at least, middle adolescence and that ODD and CD were often comorbid. Also, a greater prevalence of CD in boys than girls was confirmed. A report of 151 children with ADHD also found that ODD was a significant predictor of CD in adolescence [31] , while a longterm study of boys with ADHD indicated that comorbidity with ODD showed differences in outcome compared with those comorbid with CD; ODD predicted major depression, while CD gave an increased risk of future antisocial personality disorder [32] . Another study of 140 children with ADHD involved assessments at baseline and four years later [33] . At baseline, 65% had comorbid ODD and 32% of these also had CD. Nearly all examples of CD had preceding ODD, usually involving several years, but some children with ODD did not develop CD. These findings indicated that there are two ODD subtypes, i.e., a precursor or not to CD. This is supported by other reports which have claimed that some children with ADHD and ODD show a decline in oppositional behaviour with age, without progressing to CD [7] .
Relationships between features of ADHD and ODD have also been reported, for example, ratings of hyperactivity/impulsivity predicted subsequent development of ODD [34] . Also, subjects with the 'combined' ADHD type, compared with the 'inattentive' type, were more likely to have a history of ODD and other comorbidities; however, CD was not investigated [35] . Also, a distinction has been reported between the effects of these two syndromes when comorbid with ADHD, in respect to the severity of ADHD ; ADHD was more severe when combined with CD [36] .
It has been suggested that the evidence of associations between ODD, CD and ADHD indicate: a) these syndromes share some genetic aetiology [37, 38] , b) there are additional genetic factors influencing ODD and CD [37, 38] , c) there is evidence for genetic differences between these disorders [18, 37] , d) a shared environmental factor also contributes to the covariation involving ADHD, ODD and CD [39] and e) genetic liability involves gender differences [9, 38] . It should be noted that many DSM disorders, including ADHD, are statistical constructs, where characteristics can be revised in the light of new data and whose features may overlap with other syndromes.
Aims
As there is uncertainty about the relative validity of different presentations of antisocial behaviour in the definitions of subtypes of ADHD based on comorbidity, the aim of the present study was to investigate the validity (i.e., associations with other variables) of the subtypes of ADHD based on comorbidity with ODD, by comparing the associations of past ODD with those of past CD, in clinic-referred adults with ADHD. The identification of valid subtypes is important for future studies of clinical course and response to treatment.
MATERIALS AND METHODOLOGY
Subjects
Patients were sequentially recruited from referrals to a psychiatric outpatient clinic for the assessment and management of ADHD in adults aged 18-65. Patients received a DSM-IV diagnosis of ADHD as described below, based on informants' ratings in relation to childhood and subjects' and/or informants' ratings in relation to adult behaviour. Only a minority of potential subjects who attended the clinic (<10%) did not provide informants and were, therefore, excluded. Approximately 25% of referrals did not meet the present criteria for ADHD.
Further exclusion criteria were i) a verbal intelligence quotient (IQ) of <90 as estimated by the National Adult Reading Test (NART) [40] , ii) significant visual or motor impairment, iii) history of pervasive developmental disorder, neurological disorders, (including brain injury and tic disorders), bipolar disorder, schizophrenia or other psychotic disorders, and iv) current major depressive disorder. These were evaluated within a semi-structured routine assessment by a psychiatrist.
Clinical Assessments
In addition to an assessment interview by a psychiatrist, questionnaires based on DSM-IV, described and evaluated by Barkley and Murphy [41] , were completed by each patient, by an informant who had known the patient in childhood (usually a parent, but in a minority of cases another family member) and by an informant who had known the patient in the previous 6 months (usually a partner, parent, friend or sibling). The questionnaires included observer-ratings and self-ratings for the two sets of DSM-IV criteria for ADHD [1] , both in relation to the patient when aged between 5 and 12 years and to adult behaviour in the previous 6 months.
The informants' ratings for childhood also included ratings for the 15 DSM-IV CD criteria between the ages 5-18 and the 8 DSM-IV criteria for ODD between the ages of 5-12. Also, impaired ability to function was rated in 8 areas of life activities (e.g., home life, school, etc) and endorsements produced a 'Problem Score'. For ratings in adulthood, 10 areas of life activities were rated. For all these ratings (except for CD), each item was rated 'never or rarely', 'sometimes', 'often' or 'very often'. 'Often' or 'very often' were considered as endorsements. For CD, the informants' ratings for childhood were 'present/absent'.
All patients in the study received a DSM-IV diagnosis of ADHD using the following criteria: i) DSM-IV ratings from an informant in relation to childhood features endorsed a specified minimum number (see below) of the 9 criteria for the 'predominantly inattentive type' (PIT) and/or of the 9 criteria for the 'predominantly hyperactive-impulsive type' (PHIT), ii) DSM-IV ratings by the patient and/or informant in relation to behaviour in the previous 6 months endorsed a specified minimum number of the 9 criteria for the PIT and/or for the PHIT, which corresponded to endorsements in relation to childhood (see below), and iii) a judgement was made by a psychiatrist, based on all information, that the patient's symptoms often interfered with ability to function and were not explained by the presence of another disorder.
For the diagnosis of the PIT, PHIT or the 'combined' type of ADHD, a minimum number of 6 endorsed criteria were required for each of the relevant sets of 9 DSM-IV criteria in both childhood and adulthood. For a diagnosis of 'ADHD in partial remission', the minimum number of endorsed DSM-IV criteria relating to recent behaviour (but not related to childhood behaviour, where it remained at 6) was reduced to 3 in each set of 9 criteria. For the diagnosis of 'ADHD not otherwise specified', the minimum number of endorsed criteria for both childhood and adult behaviour was reduced to 3 in each of the sets of 9 criteria. Diagnosis of adult ADHD, for all diagnoses, was contingent on endorsement of the corresponding ADHD type (or specified minimum number of criteria) in relation to childhood behaviour which corresponded to the ADHD type related to adult behaviour, e.g., an 'inattentive' type diagnosis required at least 6 endorsed criteria for the informant's 'inattentive' ratings are childhood and at least 6 endorsed criteria for the subject's and/or informant's 'inattentive' ratings for recent behaviour. Patients were also assessed by the 'Attention-deficit Scales for Adults' (ADSA) [42] . The ADSA is a self-report instrument relating to symptoms of ADHD over the patient's recent adult life. A total score of >172 is considered 'much above average' in relation to ADHD characteristics. Patients also completed the self-report 'Brief Symptom Inventory' [43] , which yielded a 'global severity index' (GSI). Clinically-significant symptoms, related to a range of psychopathology, are indicated by a value of 0.6 and above for males and 0.8 and above for females.
Features of DSM-IV PDs (but not PD diagnoses) were assessed by the self-report screening test for the Structured Clinical Interview for DSM-IV Personality Disorder (SCID II) [44, 45] . This provided present/absent ratings for all the DSM-IV PD criteria, except for the antisocial PD criteria. (Although the SCID II includes self-ratings for past CD, these were excluded from the analyses).
Endorsement of a history of 3 or more CD criteria or 4 or more criteria for ODD by the informant in relation to childhood behaviour was considered to reflect a past history of CD and/or ODD.
The study's assessment procedures were approved by the Cambridge Local Ethics Committee. All subjects who were approached gave written informed consent.
Data Analysis
In view of multiple comparisons, a p value of <0.01, two tailed, was considered to indicate significance. Pearson correlations were obtained when the assumptions of normal distributions for the two populations were met. Populations were evaluated by the Kolmogarov-Smirnov test using a significance level of p<0.05. Otherwise, Spearman rank correlations were calculated.
RESULTS
Patient Characteristics
94 patients were recruited whose characteristics are shown in Table 1 . 59% of males had past ODD (with or without CD), 42% had past CD (with or without ODD) and 36% had past ODD and CD; for females, 57%, 33% and 29% respectively.
In males of the 8 DSM-IV behavioural criteria for ODD, the most frequently endorsed was 5 ('often blames others…'), while all except 8 ('is often spiteful or vindictive'), which occurred in only 14%, were endorsed in 51-63% of the sample. In females, criterion 8 was also the least frequently endorsed (in 32%); criterion 3 ('often actively defies or refuses…') was endorsed in 95% and the remaining criteria between 53% and 79%. Table 2 shows correlations between the number of endorsed criteria for past ODD and CD and i) features of ADHD rated by informants for childhood and recent adulthood and ii) self-rated features of PDs. (There were no significant correlations between ODD or CD ratings and GSI ratings). In view of reported gender differences in ADHD, males and females were studied separately. Also, as the DSM-IV claims that most children and adolescents with the disorder have the 'combined' type of ADHD (and most subjects with one of the other DSM-IV 'types' have symptoms of both inattention and hyperactivity), the subgroup of subjects in each gender with a 'combined' diagnosis were also studied (including the 'combined' type in partial remission).
In males with the DSM-IV 'combined' type of ADHD, past ODD, when compared with past CD, was more strongly correlated with past and recent ADHD-related hyperactivity/impulsivity and with the 'Problem Scores' for both childhood and adulthood. In females, past ODD (but not past CD) was also correlated with past and recent hyperactivity/impulsivity but also with adult inattention in the subgroup with the 'combined' type of ADHD. In males and females, past CD (but not ODD) was correlated with features of PDs.
DISCUSSION Present Sample and Methods
The mean GSI ratings for males and females were above the thresholds for 'caseness', which is consistent with reports of a range of psychiatric comorbidity in adults with ADHD. The mean ADSA Total Scores for males and females indicate 'very considerable problems' related to ADHD [42] . Various aspects of the present methodology have been discussed previously [46, 47] .
Main Findings
The results indicate that ODD, as well as CD, is relevant to definitions of subtypes of ADHD based on comorbidity with antisocial behaviour.
ODD or CD comorbid with ADHD have been reported to be associated with some features of ADHD (i.e., increased impulsivity and reduced inattention), when compared with children with ADHD and anxiety disorders [48] , while comorbid ODD has been associated with the severity of ADHD [27, 36, 49] , social withdrawal [49] , depression, anxiety, school refusal [50] , substance use disorders [17] , personality disorder features [51] , decreased psychosocial functioning [17, 49] , neuropsychological performance [52] (e.g., impaired impulse control) and reduced response to medication [24] . The present results, while consistent with these findings, indicate that an ADHD subtype based on ODD comorbidity may have greater validity in relation to features of ADHD and severity, when compared with CD comorbidity.
Follow-up studies of ADHD comorbid with CD, both during childhood and into adulthood, have reported associations of CD comorbidity with subsequent antisocial PD (and various antisocial behaviours) [34, 50, 53] , poor prognosis [54] , a range of subsequent psychiatric disorders and psychiatric admissions [23, 27] , criminality [55] and substance-use disorders [35] . Also, a study of the associations of past CD in adults with ADHD found correlations with a range of psychopathology, including the impulsivity features of ADHD and features of 'Cluster B' PDs [46] . The present findings, of correlations between past CD and features of PDs, are consistent with these reports and show that, in this respect, an ADHD subtype based on CD comorbidity has greater validity than one based on ODD comorbidity.
The interpretation of any research involving ADHD and antisocial comorbidity should take note of a potentially confounding variable, involving difficulty in the identification of CD and ODD, when ADHD is considered to be comorbid with a bipolar disorder (BPD) in childhood or adolescence. Although the co-occurrence of ADHD and BPD beyond chance has been claimed for both children [56] and adults [57, 58] , this could reflect referral bias or mistaken diagnoses, as well as a degree of shared aetiology [59, 60] . Associations between ADHD and BPD in children is a controversial topic, as is the diagnosis of childhood mania [61, 62] . This is because mania can present differently in children and adults, so that hyperactivity, mood changes and aggression can represent overlap between mania, ADHD, CD and ODD in childhood [63] . This uncertainty has led to a claim that BPD is often not recognised only in children but also to a concern that BPD is being over-diagnosed [64] . Although there are reports of continuity between a diagnosis of mania in childhood and in subsequent adulthood [61] , this has not always been confirmed [65, 66] . Also, there have been conflicting claims for and against the validity of an ADHD subtype based on comorbidity with BPD [15, 16] . However, in the present study, a past diagnosis of mania or BPD was an exclusion criterion.
While ADHD with comorbid antisocial behaviour has been proposed as a valid subtype [15] , definitions of the antisocial behaviour have varied. Both ADHD with ODD or CD have been claimed to be subtypes [6, 23] , but some studies with antisocial comorbidity have not investigated more than one syndrome involving antisocial behaviour. Although, in children with ADHD, ODD is the more prevalent syndrome compared with CD, there is a limited information about the associations of comorbid ODD with concurrent and subsequent psychopathology, compared with those of CD.
A previous study of adults with ADHD [46] (which did not separate the subjects on the basis of gender or DSM-IV ADHD' type'), found that past CD was associated with a range of psychopathology including some features of ADHD (i.e., impulsivity, which was rated separately from hyperactivity), features of DSM-IV PDs (in particular 'Cluster B') and other psychopathology. However, in the present study, past ODD showed stronger correlations than past CD with ratings for both past and recent ADHD-related hyperactivity/impulsivity in both males and females. But ratings of past CD, compared with past ODD, showed stronger correlations with ratings of PD features in both males and females.
Various factors may have contributed to the differences between the correlations of ODD and CD. ODD may be a more sensitive and reliable indicator of any genetic aetiology shared by ODD, CD and ADHD, because the behaviours specified by ODD criteria are less specific examples of underlying antisocial behavioural traits. Also, there may be a greater degree of shared genetic aetiology involving ADHD and ODD, compared with ADHD and CD. Abbreviations: PD = personality disorder and see Table 1 . A = Total group; B = subgroup with 'combined' type ADHD. () = p value.
Limitations
Various factors could confound generalisations of the findings, such as the heterogeneity of the ADHD syndrome, limitations of current assessment methods and variation between studies involving recruitment, diagnostic procedures, gender, selection criteria, IQ, previous treatment and clinical characteristics. Also, there were relatively few females in the present study. Other possible factors include an uncertain relationship between some examples of the DSM-IV 'predominantly inattentive' type to other presentations of ADHD, evidence that DSM-IV criteria are less applicable to adults than children, any effects of medications and frequent comorbidity [46] . However, a degree of validity for adult assessments of past antisocial behaviour has been shown by a significant correlation (.78, p <.001, using the same questionnaires as in the present study), between subjects' and informants' ratings of the number of endorsed past CD criteria in adults with ADHD [46] .
CONCLUSIONS
The results are relevant to the identification and study of ADHD subtypes based on comorbid antisocial behaviour. In adult males with the most common presentation of ADHD (i.e., the 'combined' type), past ODD had stronger associations with features of ADHD (hyperactivity/impulsivity), compared with past CD. In contrast, in males and females, ratings of past CD (but not of past ODD) showed associations with some features of PDs.
Further studies of ADHD subtypes based on antisocial comorbidity should involve ODD as well as CD.
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